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Abstrat
Eletroni strutures of SiC nanoribbons have been studied by spin-polarized density funtional
alulations. The armhair nanoribbons are nonmagneti semiondutor, while the zigzag nanorib-
bons are magneti metal. The spin polarization in zigzag SiC nanoribbons is originated from the
unpaired eletrons loalized on the ribbon edges. Interestingly, the zigzag nanoribbons narrower
than ∼4 nm present half-metalli behavior. Without the aid of external eld or hemial modi-
ation, the metal-free half-metalliity predited for narrow SiC zigzag nanoribbons opens a faile
way for nanomaterial spintronis appliations.
1
I. INTRODUCTION
Stimulated by the suessful preparation of graphene, an intense researh interest has
been foused on two dimensional (2D) layered strutures. Among several group IV elements,
only arbon an take either sp2 or sp3 bond ongurations and form 2D layered struture.
Silion prefers sp3 instead of sp2 hybridization. As a result, it is diult to onstrut stable
Si strutures of fullerenes, nanotubes, and graphene-like sheets.
1
However, it is possible to
form layered struture by mixing C and Si. Reently, SiC single-wall nanotubes (SWNTs)
with dierent hiralities, diameters, and atomi ongurations have been studied by rst
priniples alulations,
2,3,4,5,6,7,8
and synthesized experimentally via the reation of silion
with multiwalled arbon nanotubes at dierent temperatures.
9
In ontrast to arbon SWNTs,
SiC SWNTs are always semionduting independent of the heliity, with a diret band gap
for zigzag tubes and an indiret gap for armhair and hiral tubes. It is suggested that
SiC SWNTs are andidates for nanodevies that operate in high-power, high-frequeny and
high-temperature regimes.
10,11,12
Nanoribbon (NR) is an important struture for 2D layered materials. Graphene NRs
have been extensively studied in the last two years.
13,14,15,16,17,18,19,20,21,22
The hydrogen pas-
sivated graphene NRs have a nonzero band gap. The zigzag graphene NRs have a magneti
insulating ground state with ferromagneti ordering at eah zigzag edge and antiparallel
spin orientation between the two edges.
16
Transverse eletri eld or hemial deoration
turn zigzag graphene NRs to half metal, whih makes them good andidates for spintronis
appliations.
17,19,21
However, metal-free half-metalliity has not been obtained without the
aid of external eld or hemial modiation.
In this paper we study the geometri and eletroni strutures of SiC NRs based on den-
sity funtional theory (DFT). Spin-polarized alulations are performed to explore possible
magneti ordering. The width eets on the properties of SiC NRs are arefully studied.
Half-metalliity is predited for narrow zigzag SiC NRs. The stability of SiC NRs are also
disussed.
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FIG. 1: (Color online) (a) Struture of a two-dimensional SiC sheet. (b) Band struture of the
graphiti SiC sheet along the high-symmetry lines of the two-dimensional hexagonal Brillouin zone.
The Fermi level has been set to zero. Strutures of an () armhair and a (d) zigzag SiC NRs with
a width W. The blue small atoms denote hydrogen atoms passivate the edge arbon atoms (yellow
atoms) and the edge Silion atoms (blue big atoms).
II. COMPUTATIONAL METHOD AND MODEL SYSTEM
First priniples alulations were performed using the Vienna ab initio simulation pak-
age (VASP).
23,24
We desribed the interation between ions and eletrons using the pro-
jetor augmented wave (PAW) approah.
25,26
The Perdew-Wang funtional (PW91) under
the generalized gradient approximation (GGA) was used to desribe the exhange orrela-
tion interation.
27,28
During the struture optimizations, all atoms were fully relaxed until
the Hellmann-Feynman fores ating on them smaller than 0.01 eV/Å. For nanoribbons,
the Brillouin-zone integrations were performed on a 1×1×11 Monkhorst-Pak grid.
29
120
uniform k-points along the one dimensional Brillouin zone were used to obtain the band
strutures of the SiC NRs. The periodi boundary ondition was set with the vauum
region between two neighboring ribbons larger than 10 Å. The phonon band strutures
were alulated with the general utility lattie program (GULP)
30,31
using the Terso fore
eld.
32,33
3
FIG. 2: (a)Band struture of the armhair SiC NR with W=11. The projeted band struture of
a two-dimensional graphene sheet is shown by shaded areas. (b) The variation of the band gaps of
armhair SiC NRs as a funtion of the width W.
III. RESULTS AND DISCUSSION
Before studying the properties of nanoribbons, we rst hek the two-dimensional hexag-
onal SiC sheet. The optimized struture is shown in Fig. 1a, and the obtained Si-C bond
length is 1.787 Å. The eletroni band struture shown in Fig. 1b presents a diret energy
gap of 2.55 eV at the K point in the hexagonal Brillouin zone, as expeted, whih is nar-
rower than the result obtained by self-interation orreted DFT alulation.
6
An aurate
rst-priniples alulation of band gaps requires a quasiparitle approah. The basi physis
disovered here however should not be hanged.
Similar to graphene NRs
16
, we onsider two types of SiC NRs with armhair and zigzag
shape edges, as shown in Fig. 1 and 1d, respetively. The nanoribbon width W is dened
as the number of dimer lines along the ribbon diretion for an armhair SiC NR and the
number of zigzag hains for a zigzag SiC NR. All dangling σ bonds at the ribbon edges are
saturated by hydrogen atoms. The optimized Si-H and C-H bond lengths are 1.49 and to
1.09 Å, respetively.
The band strutures for armhair SiC NRs with dierent widths are all similar. As an
example, the W=11 band struture is plotted in Fig. 2a. There is a diret band gap at the
Γ point. As shown in Fig. 2b, the variation of the energy gap EWg as a funtion of ribbon
width W exhibits a three-family behavior, whih is similar to the graphene NRs
16
. The
main dierene between these two types of armhair NRs is that the energy gap inreases
with the ribbon width for SiC NRs, while it dereases for graphene NRs. Seondly, we have
4
FIG. 3: (Color online) Spin-polarized band strutures of the zigzag SiC NRs with W=7, 20, and
40. Dotted red lines are spin-up bands, and solid blue lines are spin-down bands. The projeted
band struture of a two-dimensional graphene sheet is shown by shaded areas.
E3ng >E
3n+1
g >E
3n+2
g for SiC NRs ompared to E
3n+1
g >E
3n
g >E
3n+2
g for graphene NRs.
For zigzag SiC NRs, we rst hek the band struture of the W=7 NR, as shown in Fig.
3. There are four bands lose to the Fermi level. The two bands in the spin-up hannel ross
eah other, and both ross the Fermi level. Therefore, the spin-up energy gap is zero. In the
spin-down hannel, the two bands lose to the Fermi level form a diret gap at the X point.
We name the higher of these two bands as H , the lower as L, and the gap between them as
∆
HL
. When W=7, the H band is totally unoupied, and the L band is totally oupied.
The spin-down energy gap is thus equal to ∆
HL
, i. e. 0.25 eV. And the zigzag SiC NR with
W=7 presents a half-metalli eletroni struture.
The four bands lose to the Fermi level are not totally overed by the projeted band
struture of the two-dimensional SiC sheet, whih strongly suggests the edge state haraters
of these four bands. As shown in Fig. 4, at the X point, all the four bands lose to the
Fermi level orrespond to edge states.
There are loal magneti moments on the edge atoms, and their orientation are antipar-
allel between the two edges (Fig. 4e). However, we note that the net magneti moments in a
unit ell is not zero (refer to table I). Therefore, the two edges are not antiferromagnetially
oupled as in zigzag graphene NRs, and they are ferrimagnetially oupled. To onsider the
harge transfer between the two edge, we plot the partial harge density from the valene
band maximum of the two dimensional SiC sheet to the Fermi level in Fig. 4f. We an
learly see a harge transfer from the Si edge to the C edge.
As shown in Table I, the band gap between the H and L bands (∆HL) dereases with the
5
FIG. 4: (Color online) Densities for the W=7 zigzag SiC NR. The harge densities of the lowest
unoupied states at X point for the (a) spin-up and (b) spin-down hannels. The harge densities
of the highest oupied states at X point for the () spin-up and (d) spin-down hannels. (e) The
spin density. (f) The partial harge density with energy range [Ev :Ef ℄, where Ev is the valene
band maximum of the two dimensional SiC sheet and Ef is the Fermi level of the ribbon. The
harge density of the H+1 band at the (g) Γ and (h) X points.
inrease of the ribbon width. We also observed the sink of the H band minimum at the X
point with the inrease of ribbon widths. When W larger than ∼20, the H band ross with
the Fermi level, and the energy gap in the spin-down hannel lose. The nanoribbons thus
turn to metal from half metal. In the spin-up hannel at the X point, the oupied state
omes from the Si edge, and the unoupied state omes from the C edge, whih is opposite
to the spin-down hannel. The band ross in the spin-up hannel leads to a net eletron
transfer from the Si edge to the C edge. Therefore, the sink of the H band at the X point
derease the harge polarization between the two edges. This is onsistent with our previous
study
34
on the CBN nanoribbon: the harge polarization dereases when the ribbon width
inreases.
We note that the two dimensional SiC sheet is an insulator with a big gap. However,
6
FIG. 5: (Color online) (a)The phonon band strutures of the 2D SiC graphiti sheet.(b)the Gibbs
free energy of formation of zigzag SiC NRs (SiC ZNRs) and armhair SiC NTs (SiC ANRs) and
orresponding nanotbues (SiC ANRs and SiC ZNTs). The width refers to that of SiC NRs.
for zigzag SiC nanoribbon with W as large as 40, we still get metalli band struture. For
armhair SiC nanoribbons, as shown in Fig. 2 our alulated band gaps also onverge to a
value smaller than the bulk gap (2.55 eV). This is due to the edge states. Similar behavior has
been observed for boron nitride nanoribbons.
35
There are many bands outside the projeted
band struture of two dimensional SiC sheet. In Fig. 4, we plot the density of the H+1
band at the Γ and X point. Although they are not edge states, they are loalized on part
of the ribbon.
To develop appliations for SiC NRs, it is important to study their stability. First, we
alulate the phonon band strutures of the two dimensional SiC sheet. As shown in Fig.
5, there is no imaginary frequeny exists. The alulated frequeny of the highest optial
phonon at Γ point is 1378.5 m
−1
. For SiC NRs and orresponding nanotubes, we dene the
Gibbs free energy of formation as a funtion of the hemial potential of the silion arbide
and hydrogen speies.
δG = Ec − nH × µH − nSiC × µSiC (1)
where Ec is the ohesive energy per atom, nSiC(H) and µSiC(H) are the mole fration and the
TABLE I: The energy gap between the L and H bands (∆HL)and the magneti moments per ell
(M) of the widths (W ) for the zigzag SiC NRs.
W 5 6 7 8 9 10 15
∆HL(eV) 0.39 0.34 0.25 0.24 0.24 0.24 0.085
M(µB) 0.020 0.023 0.033 0.042 0.048 0.051 0.059
7
hemial potential of silion arbide (hydrogen), respetively. µH is set to half of the energy
of H2. µSiC is the onhensive energy per Si-C unit of innite two dimensional SiC sheet.
Therefore, the δG of 2D SiC sheet is zero by denition. The omparison of δG between SiC
NRs and NTs with the same numbers of Si and C atoms are shown in Fig. 5. We an see
that there is a δG rossover between the SiC NRs and the SiC NTs. The narrower zigzag
SiC NRs are even more stable than the orresponding NTs.
IV. CONCLUSIONS
In onlusion, We have investigated the eletroni and magneti properties of SiC NRs
with armhair and zigzag shaped edges. We show that the armhair SiC NRs always have
a wide band gap for all width. The zigzag SiC NRs with the width smaller than ∼ 4 nm
present half metalli behavior. This makes narrow zigzag SiC nanoribbon a great andidate
for spintronis appliation, sine neither transverse eletri eld nor hemial modiation is
needed to obtain half-matalliity. The Gibbs free energy of formation of SiC NRs are similar
to that of previously studied SiC NTs, narrow nanoribbons are even more stable than the
experimentally synthesized SiC nanotubes, whih suggests it is pratial to synthesize SiC
nanoribbons.
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